Background: A plateau in childhood overweight and obesity has been reported in some developed countries while in almost all developing countries this problem is on the rise. The aim of this paper is to describe the changes in prevalence of overweight and obesity within a cohort of preschool children followed for 3 years, and to estimate and compare the incidences in urban and rural children of Hanoi, Vietnam. Methods: A longitudinal study of a cohort of 2677 children aged 3 to 6 years old at the beginning of the study was conducted in urban DodaLab and rural FilaBavi, Hanoi, Vietnam. Overall, 2602 children, 1311 urban and 1291 rural, were followed for 3 years with identical measurements of weight and height in 2013, 2014 and 2016. Standard methods were used to estimate prevalence and incidence as well as confidence intervals. Results: During the three-year follow-up, the overall estimated prevalence of overweight increased from 9.1% to 16.7%. For the urban children, the increase was considerably higher. The overall prevalence of obesity decreased from 6.4% to 4.5% with less decrease in the urban children. In the group of children who were overweight and obese at the start of the study, 41.4% and 30.7%, respectively, remained in the same state three years later. The incidence of overweight and obesity during the three years were 12.4% and 2.7%, respectively. Boys were more likely to develop obesity than girls. Conclusions: Already in preschool age, the prevalence of overweight is high and it continues to increase with age, especially in the urban area. Prevention and intervention programs need to start at early preschool age and actions in urban areas deserve priority.
Background
Childhood overweight and obesity are conditions traditionally thought to primarily occur in countries with a high level of social and economic resources. In highincome countries the prevalence of overweight and obesity has increased dramatically since the 1980s [1] [2] [3] . However, during the past three decades it has spread throughout the world [4, 5] . Recent studies have shown a stabilization of this prevalence over the last 10 years, at least in some developed countries [6] like USA [7] , Australia [8] , England, France, Sweden, Switzerland and Poland [9, 10] . A study in Italy even found a decrease in prevalence of overweight including obesity in Tuscan children from 32% in 2002 to 25 .8% in 2012 [11] .
The prevalence of childhood overweight and obesity remains low in developing countries compared to developed countries, particularly in Asia [12] . In the 1990s, the globally estimated prevalence of obesity in children in low-income countries was 3% [3] . However, some recent results show changing trends: the rate of increase for overweight and obesity in low-and middle-income countries may be even greater than in high-income countries [13, 14] .
In Vietnam, which recently became a middle-income country, childhood overweight and obesity were not reported as a problem before 1995 [15] . The Doi Moi (new policy) reform in 1986 marked a significant turning point in the transformation of the Vietnamese economy into an open, market-oriented and globally integrated model. Since the reform, the Vietnamese economy has grown rather quickly [16] . This has contributed to dietary and lifestyle changes that encourage the consumption of high-energy foods, including processed foods and food consumed outside the home. This, combined with reduced energy expenditure from increased sedentary behavior [17] , has resulted in rising problems of overweight: the estimated prevalence of overweight in Vietnamese children under 5 years has increased from 1.4% in 1998 to 2.6% in 2005 and 4.6% in 2010 [18] . Studies in big cities show an increasing trend. For example, a longitudinal study of adolescents in urban districts of Ho Chi Minh City between 2004 and 2009 indicated that the prevalence of overweight and obesity increased gradually from 12.5% and 1.7%, respectively, in the first year to 16.7% and 5.1% in the last year [19] .
The aim of this paper is to describe the changes in prevalence of overweight and obesity within a cohort of preschool children followed for 3 years, and to estimate and compare the incidences of overweight and obesity in urban and rural children of Hanoi, Vietnam.
Methods

Study design and setting
The full study consists of a baseline survey in 2013, reported in a previous paper [20] , and a three-year followup thereafter of the participating children with identically repeated surveys in 2014 and 2016.
The study was conducted in two Health and Demographic Surveillance Sites (HDSS), urban DodaLab [21] and rural FilaBavi [22] , both located in Hanoi, Vietnam. The sites were established for different purposes including serving as a background and sampling frame for specific studies. Information about demographic and socioeconomic characteristics of households and individuals has been collected every 2 years. The information about vital events such as birth, death and migration has been updated quarterly [21, 22] .
Participating children
The study included children who were 3 to 6 years old at the time of the first survey in 2013. The HDSS database in 2012 was used to select participants. Children with certain diagnosed medical conditions affecting growth, such as hypothyroidism, Cushing disease et cetera or children who had taken corticosteroids in the past 6 months were excluded from the study. At the start of the study 2842 children, 1482 in the urban site and 1360 in the rural site, living in strategically selected communes were recruited. Of those, 2677 children, 1364 urban and 1313 rural, participated in the first survey in 2013 [20] . At the end, in the third survey, complete weight and height information were obtained from 2602 children, 1311 urban and 1291 rural children. The total number of children who dropped out was 75 (2.8%); 53 (3.9%) from the urban site and 22 (1.7%) from the rural sites. Of these 75, 7 children (9.3%) were overweight and 5 (6.7%) were obese. The reason for withdrawal from the study was that the families moved to other places and could not be reached. Only those who participated in all three surveys were used in the analyses.
Measurement and data sources
The data used in the study included general information about child and parent characteristics, demographic and socioeconomic status of the family, specific information for the present study and anthropometric measurements. This information was obtained by interviewing parents or caregivers using a structured questionnaire specifically designed for the study. The questionnaire consisted of 54 questions: 33 questions about the child and 21 questions about the family. Weight and height of the children were measured in the homes by welltrained staff working in pairs [20] . Digital Tanita scales and mobile measurements were used as instruments. Measurements were made to the nearest 0.1 kg and 0.1 cm respectively.
The interview procedure and measurement quality control was the same in all the surveys, 2013, 2014 and 2016 [20] . Eight field workers in DodaLab and 12 in FilaBavi were responsible for interviewing and taking anthropometric measurements of children. The aim of the training for interviewers was that all field work should be done exactly in the same way in the urban and rural areas throughout the entire timeframe, to make them comfortable with the questions and find a suitable language in the interview without changing the meaning. The interviewers were trained to accurately measure weight and height. The same field workers were involved in the baseline and follow-up studies to minimize measurement errors. The data quality control was performed by supervisors and the researcher by checking randomly about 3% of the anthropometric measurements and records. A correction was needed in only three cases.
Study size
The number of children from each site, urban and rural, was originally decided to be about 1300, that is totally 2600. It was assumed that any prevalence observed in the study would not exceed 20% and the ambition was set to have confidence intervals with length not exceeding 2.5% units in estimated prevalence for an individual site. For practical reasons, the total number, 2677, became slightly larger.
Statistical analysis
The children were classified as overweight or obese according to the definitions of International Obesity Task Force (IOTF) [23] . Body Mass Index (BMI), calculated in the traditional way as BMI = weight/(height) 2 (weight in kg, height in m).
Age sub-cohorts, 3, 4, 5 or 6 years, were defined according to the age of the child at the time of the first survey in 2013. The changes over time were evaluated for statistical significance using differences.
All estimation and testing was performed using Stata software, version 14. Estimation of prevalences and incidences and their confidence limits as well as statistical tests were done using standard statistical methods. Normal approximation confidence limits and tests were used when considered feasible. In other situations with small numbers of observations and cases, exact probability options were used.
Ethical considerations
The field sites, FilaBavi and DodaLab, have been ethically approved by the Ministry of Health of Vietnam as well as by the Scientific and Ethical Committee of Hanoi Medical University. Permissions have also been granted by Dong Da and Ba Vi district authorities. In addition, the Scientific and Ethical Committee of Hanoi Medical University has specifically approved this research of overweight and obesity. Verbal consent from all caregivers of participating children in the study was obtained.
Results
The study population is described in Table 1 . The numbers of urban and rural children in the study were roughly equal and about the same numbers of boys and girls participated in the study. The children who dropped out of the study were randomly spread over the age sub-cohorts.
The means BMI of children in the different age subcohorts for the three surveys are shown in Table 2 . The mean BMI of urban children was higher than for the rural and above the WHO median curve in all age subcohorts. In contrast, the mean BMI of rural children for almost all age sub-cohorts were below the WHO median curve. The difference in mean BMI between the 2016 and 2013 surveys was positive for all urban groups and negative for the rural, except the children in age subcohort 6 and the rural boys in age sub-cohort 5.
Overweight during three-year follow-up
The estimated prevalence of overweight (obesity not included) by area, sex and age sub-cohorts are shown in Table 3 and Fig. 1 . The prevalence of overweight for all children who participated in the three surveys increased from 9.1% in 2013 to 16.7% in 2016. The prevalence as well as the rate of increase was consistently higher in the urban children than in the rural. The former almost doubled, from 13.3% in the first survey to 25.6% in the last. The corresponding prevalence among rural children increased from 4.8% to 7.7%.
No statistically significant difference in the prevalence of overweight was found between boys and girls except that rural boys were more likely to be overweight than rural girls in the last survey. A similar pattern of increasing overweight was seen in almost all age sub-cohorts although not all were statistically significant.
Obesity during three-year follow-up
The overall prevalence of obesity decreased in the second survey and there were only small changes in the third survey for both urban and rural children (Table 4) .
In urban children, obesity decreased from 9.2% to 7.1% and in rural from 3.5% to 1.9%. A tendency of a generally higher prevalence of obesity in the urban than in the rural children was found for the whole study period.
Looking at sex differences, the observed pattern of decreasing obesity was not found for urban and rural boys where the prevalence did not change significantly within the three years (Fig. 2 ). There were no statistically significant differences in the prevalence of obesity between rural boys and rural girls. However, urban boys were more likely to be obese than urban girls in the second and third surveys. A decrease was seen in obesity prevalence for most age sub-cohorts. For the youngest urban girls and the rural children the prevalence instead increased. However, almost all these changes were not statistically significant possibly due to the relatively small numbers of cases. Table 5 summarizes the individual changes in overweight and obesity over the three years. For the whole study population, the percentages of children who were overweight and obese in 2013 and remained in the same state in 2016 were 41.4% and 30.7% respectively. The table also shows estimates of incidences in which 12.4% and 2.7% children developed overweight and obesity between the 2013 and the 2016 surveys, respectively.
Incidence of overweight and obesity
The urban children were more likely to stay overweight than the rural children (46.3% vs. 24.7%), and were three times more likely than rural children to develop overweight during the study period. A similar pattern was found for obesity: 36.4% and 15.6% of the obese children remained obese in the urban and the rural areas, respectively. Among the urban children, 4.1% developed obesity during the study period, while only 1.4% of rural children did so.
There was a non-significant tendency that more boys than girls remained overweight and obese and the difference in overweight incidence was still smaller. However, the incidence of obesity for boys was about double compared to girls in the urban area.
The differences between age sub-cohorts in remaining or developing overweight and obesity varied without any distinct pattern.
Discussion
This longitudinal cohort study allows the study of individual changes in child's weight status. Over the three years of follow-up, within the cohort, there was a remarkable increase in overweight prevalence among the urban children, a smaller increase in rural, and a slight decrease in obesity both in urban and rural children. The incidence of overweight, higher in urban children than in the rural, was much higher than the incidence of obesity.
The results of the present study are consistent with cross-sectional studies done in Vietnam showing that overweight and obesity among children are more prevalent in urban and wealthy areas than in the rural and less wealthy areas [24] [25] [26] . The findings indicate that patterns of overweight and obesity prevalence within the cohort were similar in urban and rural areas. The development of overweight and obesity in children could be influenced by characteristics of individual, family, community and society at large which interact with each other [27] . Urban and rural areas in Vietnam are significantly different in most of these characteristics. For example, in urban areas processed food restaurants are more available, game shops are more common and spaces for play and leisure are more limited than in rural areas. The differences in community characteristics could be one of the explanations of the differences in overweight and obesity prevalence between the two areas in this study. Living in Vietnam, both in urban and rural areas, is influenced by the same traditions, culture, governmental policies as well as economic development. There is, though, much variation in individual responses. National level influences could to some extent explain similarities in overweight and obesity development between the urban and the rural children. In this study, the prevalence of combined overweight and obesity among preschool children in the urban area of Hanoi defined by IOTF cut-off values was 22.6% in 2013. Cross-sectional studies on preschool age children (3-6 years) in the urban area of Ho Chi Minh City (HCMC) using the same definition showed that the prevalence increased from 21.4% in 2002 to 36.8% in 2005 [28] . Ho Chi Minh City, Vietnam's largest city, located in the south, is the economic center of the country. Hanoi, the second largest city, located in the north, is the capital and political center. Although sharing some common Vietnamese culture and custom, the two cities are different in economy and environment as well as lifestyle and eating habits. For example, in 2015 HCMC's GDP grew 9.8%, with GDP per capita reaching USD$5500 [29] . In the same period, yearly income per capita in Hanoi was about USD$3600 [30] . HCMC citizens have, to a higher extent, been influenced by American lifestyle and eating habits, as it was occupied by USA for about 20 years. This could be an explanation for the slower and later development of childhood overweight and obesity in Hanoi. The upward tendency of overweight including obesity with a higher prevalence and a faster rate of development in urban areas than in rural areas might reflect involvement of environmental factors contributing to the increase. It also suggests that special attention is needed for prevention and management of childhood overweight and obesity in urban areas and big cities.
The childhood overweight and obesity epidemic started early in developed countries. There is now an awareness of the consequences and many prevention programs focusing on modifying lifestyle and eating habits have been designed [31, 32] . The presently observed stability in obesity prevalence could be the results of these accumulated actions [33] . To prevent childhood overweight and obesity developing countries, including Vietnam, need to learn from these experiences. If action is taken immediately, it should be possible to limit the increasing trend.
In the present study, the trends in prevalence of overweight and obesity are similar for boys and girls. However, in general, the prevalence of obesity among the urban boys was higher than in the urban girls and the change between 2013 and 2016 was larger in the urban boys than in the urban girls. Larger increase of obesity for boys than girls has been reported in preschool age children [28] and in older children [19, 26] . In the analysis of changes within the cohort, we found that the difference occurs mainly because more obese urban boys continued to remain obese and that normal urban boys became obese more often than urban girls. In the rural area, there was no statistically significant difference between boys and girls in prevalence of obesity but the prevalence of overweight among the boys was statistically significantly higher than for the girls. It thus seems that boys are more at risk to become overweight or obese than girls.
In this study, the percentage of children remaining in already established overweight was 49.5% and 41.9% among urban boys and urban girls, respectively. This is much lower than the 90% for boys and 66.7% for girls seen in urban Indonesian children aged 6-8 year old [34] . The percentage of children remaining in obesity was less than 40% in the present study compared to 100% in the Indonesian children.
Increasing prevalence of obesity was mainly seen in the youngest children aged 3 years in 2013, while there was a decrease among older children. Literature has mentioned that critical periods for obesity development include the prenatal period, the period of adiposity rebound occurring between 4 and 7 years of age [35, 36] , and the period of adolescence [36, 37] . The period of adiposity rebound with its expected BMI increase could be a risk stage for earlier and greater increase of BMI. The child sensitivity during this period should be taken into consideration as an explanation for the difference in obesity pattern between the children aged 3 years at the start of study and the older age children in the study. This is the first longitudinal cohort study on preschool overweight and obesity in Vietnam. Reasonably large groups of children in one urban and one rural setting were followed for three years. Comparatively few children dropped out. The system used for data management and control was well established since earlier studies in the same contexts. We consider the internal validity as good. The two sites studied do not represent the general Vietnamese population as Hanoi is quite different from Ho Chi Minh City and other provinces in various respects. External validity, that is the generalizability outside the investigated areas, in specific aspects can be based on theory and detailed studies of contexts [38] . A specific problem in this type of follow-up is that the elapsed time for the study is the same as the age increase for the participants. Therefore, we cannot conclude how the changes observed are actually effects of changed influences over time and the parallel changing age of the children.
Conclusions
There is, already at preschool age, a substantial number of overweight children, and the prevalence continue to increase with increasing ages. Both the prevalence and the increase of prevalence were larger for urban children than for rural. The prevalence of obesity is stable with some tendencies to decrease, similarly for urban and rural children. For overweight, there were no large differences between boys and girls. However, boys were more likely to develop obesity than girls. Prevention and intervention programs need to start at early preschool age and actions in urban areas deserve priority. Urban boys vs. urban girls *p < 0.05 **p < 0.01 ***p < 0.001
